REDUCING PRESSURE DROP BUILDUP IN 1310-011. tYDROPROCESSING REACTORS FIELD
10(11)1 llhis 'ccally to the field of renewable fuels and chemicals More particular! y, the technology
relates to hydroprocessing of bio-oils and mitigating pressure drop buildup in bio-oil hydroprocessing
reactors. BA(KGR() Jj\) [0002.]Fixed bed reactors are -r( in ly used in the re.fining and c industries for
chemical conversion operations. Theseccs packed therein. The feed typically flows down through he
reactor ws into contact withRikgx¢atalyst BRA simid 8rig ddsitireBd adiiet R dNversion reactions. When these
n with hydrogen MD, the telh(h§diioptadeR EhvdR O HyBImhd 6N R 4iliIEOAR Y0003 jHydroproecssing
reactions include addition of hydrogena feed molecule to achieve reduction chemd can also involve
cleavage the molecule ( destructise hydrogen fifjggicis) Hydrogenation reactions include saturation of
carbon-carbon double bonds e.g. conversion of olefins to paraffins; benzene rings to cyclohextude
rings) and functional group transformations (e.g. conversion of aldehydes to alcohols; nitro compounds
to amines§*[0D04]Exarhples: of tdipgenslysisradictionsdincldde conversidompouhds such as
mercaptans. ip; paraiins.and ydregen.sullide iswed aff.the, fred melecyles: Qther examples include

conversiongen
mifigating pressure drop buildup in bro-otl hydroprocessing reactors.

BACKGROUND

[0002] Fixed bed reactors are commonly used in the refining and chemical
mdustries for chemical conversion operations. These reactors are vessels with catalysts
packed therein. The feed typically flows down through the reactor where it comes into
contact with the catalyst and undergoes the desired conversion reactions, When these
mvolve reaction with hydrogen (H-), the term hydroprocessing or hydroconversion is

used.

[O003] Hydroprocessing reactions include addition of hvdrogen (Ha) o a feed
molecule to achieve reduetion chemistry (hvdrogenation) and can also nvolve cleavage of
the molecule (“destructive hydrogenation™ or hydrogenolysis). Hydrogenation reactions
inchude saturation of carbon-carbon double bonds (e.g. conversion of olefins to paraffins;
benzene rings to cyclohexane rings) and functional group transformations (e.g. conversion

of aldehvdes to alcohols; nitro compounds to amines).

OG04 Examples of hydrogenolvsis reactions include conversion of organo-sulfur
compounds such as mercaptans to paratfing and hydrogen sulfide, wherein the sulfur atom
15 cleaved off the feed molecules. Other examples include conversion of organo-nitrogen
compounds and organo-oxvgen compounds (alse referred to as oxygenates) 1o
hydrocarbons, wherein the nitrogen and oxvgen atoms in the feed molecules are cleaved as
ammonia and water/carbon oxides, respectively. In the refining industry, this class of
hydroprocessing reactions 1s referred o as hyvdrotreating.  Hydrotreating reactions are
typically used to remove heteroatoms such as sulfur, nitrogen, and oxygen from

hydrocarbons. Depending on the heteroatom removed, the hvdrotreating operation may be



compounds and organo-oxygen compounds (also referred to as oxyget carbons. wherein theand
oxygen atoms itved as ammonia and water/carbon oxides, respectively. In the refining industry, this
class of hydroprocessing reactions is, referred to as hydrotreatllydrotreating reactions t referred to as
hydrodesulfurizationhyn i(H DC)), or hydrodenti rogeflation (11DN). Other hydroprocessing rea.etions
incl.uc ioiee.uie breaks into smaller molecules,hydroisom.erization, wherein a straight- ehmolecule is

Convertesuﬁarapwm%qrmﬁ %?Hlﬁzq §H?ﬁ‘ﬁ3 %M}h&m& averagaymolecular weight and a similar

boiling pomt range. More than one hydroprocessing reaction may Ike place at the same time in the
presencelaf @ &ingle watdiyst WRen the al is improving the quality of a fuel stock (e.g. improvement of
emission characteristics erature flow properties, or therrno-ox idative stability), hydroprocessing

operation$>(ar9j also refermediaias-rupgrading: JQQ0GIAItheughsrost hydroprecessing-deals with
upgradin P l'lr eurp fr ctlons its use in N n& b?éd tlon rocesses has attracted much interest
over the g St UBVETAT yEE > D009 B My Lﬁﬁ/dforﬁ} esdi HZj) FHGHH PetfI8i #a&HSAS and bio-ods
the presstirg:dropcaciosscthe étxadzbednreaﬁt@izﬁsastlmewmhauhihe!mg rhound byetheory, this is believed
fo be ducindspostionsoll I anyel g e depoalionol.sglils famed siuing fhermal andior
chemical Conversion of th qwd fe Amples Of the former include’s enaea%ollds that were not
filtered upstreamiefithetgactorohisolids that d-r@#.m@m;‘@ﬁs@lmmﬂ eglhnteitﬁwtlaﬁ’elmmdudes coke and

goal is improving the quality of a fuel stock (e.g. improvement of emission characteristics,

fow temperature flow properties, or thermo-oxidative stability), hyvdroprocessing

aperations are also referred to as “upgrading.”

[0006] Although most hydroprocessing deals with upgrading of petroleum
fractions, 1ts use in biofuel production processes has atiracted mueh interest over the past

several YVears.

[OGOT] During hydroprocessing of both petroleum fractions and bio-oils, the
pressure drop across the fixed bed reactor rises with time on stream. Without being bound
by theory, this is believed to be due to deposition of solids present in the feed as well as
the deposition of solids formed during thermal and/or chemical conversion of the Hiquid
feed. Examples of the former include suspended solids that were not filtered upstream of
the reactor or solids that drop out of solution, while the latter includes coke and
polymenization products. In either case, as solids fill the reactor void (fouling the reactor,
hence the term “foulant™) the pressure drop rises. The foulant produced by petroleum
hydroprocessing cannot be removed through use of an organie solvent or other dispersing
agent. Once the maximum safe operating pressure drop 1s reached, the reactor needs to be
shut down and the deposits skimmed (physically removed from the reactor when

accumulating at the top) or the catalyst replaced (even 1f the catalyst is still active),

[O00%] There are various options for mitigating fouling and pressure drop in fixed
bed hydroprocessing reactors. One such option includes grading the bed with several

layers of catalyst/inert media, with the largest on top and smallest in the bottom. Instead
of concentration of the solids in the top section of the reactor resulting in a more rapid
pressure drop increase, by grading the bed the solids tend to spread out within the graded

section of the reactor.



polymerization products. In either case, as solids fill the reactor void (fouling thec or, hence the term
"(oulant") the pressure drop rises. The foulant produced by petroleum hydroprocessing cannot be
removed through use of an organic solvent or other dispersing agent. Once the maximum safe
operating pressure drop is reached, the reactor needs to he shut down and the deposits skimmed
(physically removed from the reactor when accumulating at the top) or the catalyst replaced (even if
the catalyghjs,stil active), [900GTIere aievarious, opligns for mitating faujing drop in fixed bed
hydropro eSSI g reactors. One such option includes grading the b severa layers of
catalyst/inertometiaswithargest onstopanderialiestinvine bettomid ifistsads 00@91ARBther optiosing a
fixed bed reactor mediadn.the, faum.pf wagonwheels. Rasehid ings, and.ofher,shapes having high
void fractions ("high void" means typically 50% or higher void traction)."Reactors containing top layers
of these MglEathoklhigie: saiids%tséfmew«éét@ﬁm@utﬁéwésswé Hrop linhitse Thigsehigh void media,

includmg high.vaididaw.activity, catalysts (8,0 1@ ¢ NS, fDay: he 9@9%&0 PEQVide, systems
achieving significantly lon er pressure. drop limited run Iengths "Low activity catalysts are those

catalysts WitH TEsE AR S WO 8% e LM CHRRTH O THstar SomEAIthe i 88 gradifig media
contains interngldnacresperesity: capableof ﬁamuntt@a/ewmsmﬁétt@utat@attg,attqa@gﬂonetheless
agglomerate W|th| the fxed bed reactor void space and cause pressure drop issues., [00101 bypass
can includ®Bipes’ %ﬁéi’r‘eaﬁdﬁr‘ SRS 6‘fﬁ|ﬁm‘”m IPEBIRLE AR Bﬂfs’%éfaﬁ fiitPtHUEsexten Although
th rc id depogitscgs:appanatus forfixed bedreaatorisiscanothelioption h&bydato&teaten feed to bypass
the fouled sectlon} of e fouled section. The pipes can be equipped e pressure drop reaches a value just

SPACT d@nd CaUSe Prossurt arap Issues,

below the
FO010] An internal bypass apparatus for fixed bed reactors is another option, The
bypass can mnclude pipes which allow a hydrotreater feed to bypass the fouled section of

the reactor so that nothing runs through the fouled section. The pipes can be equipped
with rupture disks that burst open when the pressure drop reaches a value just below the

operating limut, thus extending run length.

(06111} Although the above pressure drop mitigation methods and equipment can
be useful for hyvdroprocessing reactor feeds comprising bio-oils, additional methods more

suitable for sohid deposits charactenistic of bio-oils are desirable.
SUMMARY

{00123 in one aspect. a method 1s provided comprising reducing a pressure drop
across a hydroprocessing reactor having a reactor feed and producing a hydroprocessing
product, where the reactor feed includes a bio-oil feed and a hvdrocarbon diluent: and the
step of reducing the pressure drop includes stopping or substantially reducing the hio-oil
feed supplied to the hydroprocessing reactor and supplying the hvdrocarbon diluent to the
reactor to generate a mass flux of at least about 1,000 Ib/hr/ft™, In some embodiments. the
mass flux is from about 1,000 [b/he/ft” to about 10, 000 Ib/he/f. In some cmbodiments,
the mass {ux is at least about 2,000 [b/he/ft”. In some embodiments, the hvdrocarbon
diluent comprises the hyvdroprocessing product of the hvdroprocessing reactor, In some

embodiments, the bio-o1l feed supplied w the reactor 1s substantially reduced.
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drop niitigatio beds comprising ¢ of bio-oils are desirahl St 1 Ni NiARV across a hydroproces product,
where the react step of reducing the pressure drop inciude. feed supplied to the hydroprocessing
prising reducing a pressure drop nd producing a hydroprocessing arbon diluent; and the oppmg or
substantially reducing the bio-oil d supplying the hydrocarbon diluent to the reactor to generate a
mass flux of at least about 1,000 Ib/hr/ft In some embodiments,. the mass flux is from about 1,0( 0
Ib/hr.to a%%gjiﬁxo,ooo IQ/hr/fr. In sg%%ﬂ%mbo{gimepts.the ss flux is at least about é?ﬁg) Ib/hrift-. in

11 sonje e S, the redultion of the pressure Jrop 1S periorme

some em ents, the hydrocarbon

100 to 10,000 reactor volumes of big-oil have been processed. In some embodiments, the
reduction of the pressure drop 1s performed after the rate of AP increase is about 0.1 psi/hr,
by some embodiments, the method is performed peniodically. In some embodiments, the

pericdic reduction of the pressure drop is performed after about 2 days 1o about 12 months

since either the start of hvdroprocessing or the last reduction of pressure drop.

[0014] In some embodiments, substantiaily reducing the bic-oil feed includes
supplying the hydrocarbon diluent to the hydroprocessing reactor at a volumetric ratio of
at least 1001 of hydrocarbon diluent to bro-otl. In some embodiments, substantially
reducing the bio-oil feed includes supplying the hydrocarbon diluent 1o the
hydroprocessing reactor at a volumetrie ratio of at least 15:1 hydrocarbon diluent to bio-
otl. In some embodiments, the hydrocarbon diluent is supplied at a temperatare of about
400 °F to about 8GO0 °F. In some embodiments, the hydrocarbon diluent has a boiling point
range of about 300 °F to about

8OO "F. In some embodiments, the step of reducing the pressure drop does not interrupt

production of the hydroprocessing product.

[O015] I some embodiments, the bio-oil mcludes a ipid, a carboxylic acid, a plant
otl, antmal fat, algal o, a distillate from the fermentation of sugars. a liguid fraction
derived from the fast pyrolysis of biomass, or a mixture of any two or more thereof. In
some embodiments, the plant o1l or animal fat contams nitrogen, sulfur, or phosphorus
from about 0.1 wppm to about 30,000 wppm. In some embodiments, the bio-oil

comprises a liguid fraction from the fast pyrolysis of biomass. In some embodiments, the

liquid fraction is derived from ground wood, ground switch grass, or combinations thereof.

[0016] In some embodiments, the hydroprocessing reactor comprises a graded bed.
In some embodiments, the graded bed comprises high void and high macro-porosity
media. In some embodiments, the graded bed comprises a catalyst that mcludes Co, Mo,
N1 Pt Pd. Ru, W, NiMeo, Niw, CoMo, or combinations of any two or more thereof. In

some embodiments, the reactor feed further includes a hvdrogen gas. In some

embodiments, the hydroprocessing reactor performs at least some hydrodeoxygenation.

(00171 fn an aspect. a method s provided that includes the step of reducing a

pressure drop across a hydroprocessing reactor having a reactor feed, where the

i



diluent comprises the hydroprocessing product f the hydroprocessing reactor. In some embodiments.
the bin-oil feed supplied to the reL etor is substantially reduced. 100131;In some embodiments, the
reduction of the pressure drop is pe | 00 to | 0,000 reactor volumes of bio-oil have been processed. In
some embodiments, the reduction of the pressure drop is performed after the rate of AP increase is
about 0 psi/hr. In someents, the method is perthrmed periodically. in some embodiments, periodic

reduction %Rfdm rR£§§a§H &elrcc E:Q sz&ﬁgg{ rpﬁg{ﬂt&%EY&QQ%EE%%g%%th§]%Q9¢l{IL .{):IL %@r%o]gtd S’E since

eithermrocessing or the last reduction of pressu_re‘rdrop“._ 141In some em odiménts, substantially
reducing th@bicielicfeet inutesisupplying théthydrodasbonidieeht to tethydbprogessing reactor at

a volumeiric rafie of atleashd9i1-0f hydrocarhon diluent toshia-oil,,in seme.gmbodiments, substantially
reducing the bio-oil feed mcludes_sup}plymg the hydrocarbon diluent to the hydroprocessing reactor at

a volumetritietic G st i1 s: 1 IHeIrocarBt dittisntts Biobit. THssmMe erbdditients. khe hydrocarbon
diluent is gupplied@l & temperatireRf-ahout 400 d.te-8baut 800 dndn.some embadiments, the
hydrocarbon diluent: has_.a boiling point range of about 300 I' to about 800In some embodiments, the

step ofpredSire Arep HBES hist PhRcHHST BrodHREBR S e HyalhrECEEemG HroUnE Y09 51In some
embodiments; therhiogihineludes:aslipid, A cadaexytic.acido@iplantoikanimallad algaleil, a distillate

from the fery gntgﬁiqn of su ars. a_quéu_!.d__fr_q tion derived from ith_e, fais_j[ _p%/_rol sis of _io_m)ass, OF a
mixture of ANy Bid SRTOTE HErBAF I SOMNS ehnbbRIfERTS-IhY BIARHIFS I ES AN Alftrogen. sulfim
or phosphierus from about 0.1 wppm to about 30.000 wppm In some embodiments, the bio-oll
comprises a liquid fraction from the fast pyrolysis of biomass. In sonic embodiments, the liquid fraction

is derived fromy ground,waos, BRQUAC SWItERAIASS, Of CBRIRALARS INLICALSanis MR pgnu cuts, the
reinc he hydroproce _ ,
reactor pressure drop is reduced by up to about 80%. The methods of the present

technology may be repeated several times during the reactor run, significantly extending

the run fengih.
BRIEF DESCRIPTION OF THE DRAWINGS

100 19] FIG. 1 depicts an exemplary process schematic of a bio-otl hydroprocessing
reactor system wherein pressure drop buildup therein is lowered, according to an

embodiment of the technology.

[O020] FIC. 215 a graph showing pressure drop reduction as a function of time,

according fo the Examples.
DETAILED DESCRIPTION

[GG21] Various embodiments are described hereinafter. It should be noted that the
specific embodiments are not intended as an exhaustive description or as a limitation to
the broader aspects discussed herein. One aspect deseribed in conjunction with a
particutar embodiment is not necessarily hmited to that embodiment and can be practiced

with any other embodiment{s}.

FO22 As used herein, “about”™ will be understood by persons of ordinary skill in
the art and will vary to some extent depending upon the context in which it is used. If

there are uses of the term which are not clear to persons of ordinary skifl in the art, given



ydroproccssing reactor comprises a graded bed. prises high void and high macro-porosity d comprises
a catalyst that includes Co, Mo, mbinations of any two or more thereof In cr includes hydrogen gas. In
some ctor performs at least some hydrodeoxygenation. ou | 71M an aspect, a method is providstep
pro ]Jeactor produces a hydroprocessingproduct: the reactor feed is at a temperature from about 550
01: to about 750 "If and is produced by at least combining a bio-oil feed at a temperature of

aboutaboyt.350F. and aireeyeled ydroprocessing Arodug &%Lh@r hydre rier gk g demperature of about
550 'F to about 800 017; the tep of reducing the pressure drop includes substantlally reducing the

bio-oil feedEti¥fticd td the reactor and supplying the recycled hydroprocessing product to the reactor
to generate a mass flux of at least about 2,000 Ibdinftt and where the step of reducing the pressure
drop is pegrfbraied after: ﬁaedheﬁ‘ré;tica&mo'rdfrramib:m;dr@mshﬂlovv;{%i;aé [0o8]Utitizingithe present
technologé/5 it hg syrpri ng%?gﬁ n observed tq?t the reactor pres ﬁ dro IS reduced b up to about

i
I3 1
80%. The met ods o?ttﬁ?él%?esen achnol bu“ y IBe f*eugg édosever i‘fﬁe% fﬂﬁﬁﬁd té Feactor run,

significantly extendingthe: mﬁrdén@&h&&ﬁ!&;ﬁ@ﬁﬁﬁ%ﬁzﬂ@N@Etﬁc&iﬁxk)RﬁWHM&Sr{.hﬁ)mg]I -IC. |
depicts an eXEIBRLALRGASS SANRTake.of A Hieiol INIIARIAEESRING [ eBelpL aysligm pressure drop

buildup thereiri is lowered, according to an embo dimenthe techno oay IS a graph
showingdi#l fefvetion: s horthand method of refernng mdividually to each separate value falling

within the range, unless otherwise indicated herein, and each separate value 1s
mcorporated inte the specification as if it were individually recited heremn. All methods
described herein can be performed in any suitable order unless otherwise indicated herein
or otherwise clearly contradicted by context. The use of any and all examples, or
exemplary language (e.g., “such as™) provided herein, is mtended merely to better
illuminate the embodiments and does not pose a limitation on the scope of the claims
unless otherwise stated. No language in the specification should be construed as

mndicating any non-claimed clement as essential,

[0024] The term “mass lux” will be understood to mean the total mass flow rate
of Tiquid through a reactor divided by the cross sectional area of the reactor and will be

ﬁ

described herem i units of hhrd

(0025} The present technoelogy provides systems and methods for reducing
pressure drop buildup in a bio-oil hydroprocessing reactor as well as maintaining pressure
drop. In the upgrading of petroleum products, pressure drop buildup 1s caused by foulants
fiilling the reactor void. In petroleum products, the bed must either be bypassed or the
reactor shut down and the foulants physically removed from the reactor; the foulants
cannot be removed through use of a diluent or other dispersing agent run through the
reactor. In contrast to petroleum hydroprocessing, the current technology employs a
kvdrocarbon diluent to remove or redisperse the foulant from an operational reactor.
Utihzing the present technology, it has been observed that the reactor pressure drop is
reduced by up to about 80%. The methods of the present technology may be repeated
several times during the reactor run, significantly extending the run length. Moreover, the

present technology allows for hvdroprocessing to continue while pressure drop is reduced
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according the Examples. DETAIL-q) DESCRIPTION [00211Various embodiments are described
hereinafter. It should be noted that the specific embodiments are not intended as an exhaustive
description or as a limitation to the broader aspects discussed herein. One aspect described in conjun
particular embodiment is not necesscan be practiced wi di any other e o term. nd. similarreferent
context of describing the elementin the context of the la;in be construed to cover both the singular and

the pin nil s therwise indieated. herein At disaily.cantiadicled by coptgxt. Recitation of ranges of
values herein are merely intended to serve as a shorthand met referring individually to each

separate valieralling Within the range, unless otherwise indicated herein, and each separate value is
al into the specification as if it were individually recited herein. All method descrihed herein can be

performed dn-any suitable:orderunless-athenwisgindicated harein orothenwise clearly.contradicted by
context. The use of any and all examples, or exemplaryilanguage (ﬂe:g., "such as") provided herein, is
intended iy To oBttet fifGminste thessmibodifents attr doB 1t fose atimiration oitie scope of
the claimsiunlessetherwisesstatetsNelanguageindhesspecificationshould he,construed.-as
indicatingnon-claimed element as essential. 00241erm "mass. flux” will be understood lean the total
mass flow Yate 0T NG itF ISUEH o TeARISHARTEY by tHEERss< SBEROWEI 58RI Hie ié5ttor and will be
describedihereiniies units.ofitbiftre10025T he praseathiin(methads fonsesdueingpressure drop buildup in
a -0l O S [0 25,8, PR e RO ARG AL QIS UIT PERFMESE, Prgssure drop bul
taming pressure ised by foulants

the lessening of the difference in pressure across a reactor bed, Reduction of pressure

drop buildup thus refers to lessening a difference in pressure that has increased from the

reactor start of run (SOR) condition.

[0G27] The relationship between pressure drop and a fixed bed reactor’s packing
properties and flow conditions s given by correlations such as the Ergun equation.
described in many Chemical Engineering Urit Operations text books (e.g. Octave
Levenspiel. Engineering Flow and Hear Exchomge, Plenum Press: New York, 1986;

Chapter 6. Varnables such as void fraction g, flow rate, fluid density/viscosity, and

particle size, all affect pressure drop (AP}, Pressure drop (AP is particularly sensitive o

-

vord fraction: AF 1s proportional to [ -]/, For example, as a fixed bed reactor
containing a typical three-lobe hvdroprocessing catalyst becomes fouled with sohid
depostts, the theoretical void fraction decreases from 42% (cleany to smaller void fractions
causing an essentially linear increase in AP, it should be understood that an essentially

linear increase o P can be approximated by the formula Y = mX ¢ b where Y = 4P, X =

and a squared correlation ceefficient of > 0.8, Once the theoretical void fraction drops
below about 22%, AP starts to rise exponentially, assuming no change i feed composition
and reactor indet conditions. The void fraction left m a reactor can be determined by
evaluating the rate of change of AP over time: when the AP trend is no longer essentially
linear, then the theoretical void fraction has dropped to at least about 22%. Thas, such an
mdicator can be used to determine when implementation of the present methods are most

applicable, desirable, or needed.
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filling the reactor void. In petroleum products, the bed must either be bypassed or the reactor shut
down and the ibulants physically removed from the reactor; the foulants cannot be removed through
use of a diluent or other dispersing agent run through the reactor. In contrast to petroleum
hvdroprocessing, the current technology employs a hydrocarbon diluent to remove or redisperse the
foulant from an operational reactor. Utilizing the present technology, it ha.s been observed that the
reactor pregsure drop i, reduced by, up. 1o ahot 89364 The, Methods,of the present gechnologyhe
repeated several times during the reactor run, significantly extending the run length. Moreover the
present te¢hiolady Hilows forydroprotedsing we dontimdenvhire pressurbdroprisreduged in the
reactor, ap.gption.netavailablefor.pressure drep,byildun inpetroleym, Bydropigsessing. (Kr261 bed
from where a feed f.rst flakes contact to where the unreactedix its the reactor bed. Pressure drop

buildup thilePreférs to/ i inerense iﬁfﬂﬁ’é‘b%]ég%ﬁ?@ﬂ%}ﬁi Sver it adross s readtePbetili.e. an increase
in the diffgremeg.inipresswee ftomhwhere.a feed firstnakesicentacttawhers:theunreagted feed and/or
product exits the reactor bed. As used herein, tge term "reduction of pressure drop" or "pressure drop

recovery" FEf&P5 {o4HE TESSERING SFiHY BifiBdee n prasdumy dorosdid Bisdtsiae “Rsdiiction of

pressure drapobuitdap thusreferhtodessening aydiierance ircpregsure thathasingreased from the

reactor stﬂré %‘qrun_@éarR) condition. 100;.171The r%%ti\gnshi beg\{éggp pressure dr?pcb d reaetcr's
an 3 S L

. 1 Cclor 19 af 2 [emperatnre frond about - Lo anout P LS Teacion . .
lacking propertiés I6W Conditions s given by correlations such as the iérgun egw described in
many Chemicht Engireering:ldnit @perdtions textbdoks (edpo@ctave. ervemsiel, Te ifgtdow and Heal

Evehange, plenu fress: New Xprk, 1986 Chppler ol Varialies susth s.vaid fiaclion g, flow rate, fluid
density/viscosity, qn& particle size, all affect pressm AP}. Pressure drop (AI‘-B) IS partlcufarly sensitive
to is propertionsie! ds firbdbdd reactombodimggstypidad thiige dobe hiydroprodessingocatalyst
becomes fhyled,with selid depostts. the theoretical void fraction decreases from 42% (clean) to smaller

void fraetion causingincrease in AP. It should be understood that an essentially 7 P can be
approximatéd by the ForrtiEay fixib: whgksaae ! )ofitid 2t Hitehotehahge witiehlig’a Feal number
and hi is the,yalse tbr Xowhen* 0 and aosquared. cerrelationicagfiicient af.0800nce,the theoretical
void fraction drops below about 22%. AP starts to rise exponentially, assuming no change in feed
compositid'and¥aaktor infet CoHbitiohS . #he VB TG ERYA L retoF cal e tidiéithined by
evaluatingithetate of-change-ofi AR, evastiemwhenthe:AR trend is.poilongenessentially linear, then
the theorqtifal,_voi‘ﬁ frap‘fqr] S drop}pe%to at least about 22%. ,1ThL~J 5, such an indicator can be used to
determine WHER MBI N&itatidh 6P the presaHT nettod8 are Mo st HppitkbiE S esHaBIE. or needed.
100281Ingre iaspedt carindthedisypravided-eamptisinghréditCaypressurasdrophydrogen gas

may be dissolved in at least the hvdrocarbon diluent, at teast the bio oil, or both.

(60261 The term bio-o1l 15 used to refer 1o any bromass or biomass derivative that
1s i liquid form when introduced to the fixed bed reactor. Bio-oils can thus include Iipids,
carboxylic acids, plant oils, animal fats, algal oils, distillates from fermentation of sugars,
and liquid fractions derived from pyrolysis of woody bromass. As such, depending upon
the source, bro-oils inchude bio-derived hydrocarbon fractions, fatty acids (e.g. olew acid,
palmetic acid), fatty acid esters (e.g. alkyl esters or glyeerides of the fatty acids), shorter
carboxvhic acids {e.g. acetic acid and formic acid), and other oxygenates such as
hydroxyacetaldehyde, acctic acid, acetol, and phenolics. Bio-oils are often characterized
by their oxvgen content: whereas conventional petrochemical feedstack such as crude oil,
coal, and natural gas are hydrocarbons with typreally less than 2 wit %5 total heteroatoms,
bio-otls may contain between about 10 wt % and about 40 wt % oxygen. Since
oxvgenated compounds have lower heating values than hydrocarbons, a primary objective

ot bio-oil hydroprocessing for manufacture of fuel products is deoxvgenation. However,



across a vdroprocessing reactor having a reactor feed and producing a hydroprocessing product,,
where the reactor feed includes a bio-oil feed and a hydrocarbon diluent; and the step of reducing the
pressure drop includes stopping or substantially reducing the bio-oil feed supplied to the
hydroprocessing reactor and supplying the hydrocarbon diluent to the reactor to generate a mass flux
of at least about 1,000 Ib/hr/t12 through the hydroprocessing reactor. Such a method is herein termed
“hydrothey ing:" | the reactor feed is at a temperature f about 400 "F
to about 8lrd !rﬁeaﬁ()r%eoe%&r\ﬁ‘aygbe ai}[iatempeiatﬁ%gfg }Sﬁt(ﬁgbndﬂ“?(}}ag;%f(}é&ouIgf%%out 550 "F,
about 600*1:0dbaut BB MHy about ROOrOR abeut 750ed:. tknadd:tanges betweenchny two of these
values or aHeYe. 80, a1e oL heseyales dn some. cibediments, he hiprold s latemperature from
about 100 "F to about 350 'F. The hiooi 1 may be at a temperature of about 12011F, about 14(, about
160 "I= atigttr8o-* 136 -abil 200 P oabisutz2ed iy Sbd0r P40 atiogt PG TL: sidut 280 "F, about

300 F, abgut; 320 ks @bouh340 8117, Ragiranges hetweenapy,iwo-af thesevallgs,er above any one of
these values. In some embodlments the bio-oil feed supplied to the reactor is substantially reduced. In

some emBEURAEMRESHHE (BSGITER RiHhEPIhEIRIEE HydroBentae M adime mbotiffients where the

reactor fegehinclude hydrogemngas.ibe Mydregen gasomay he dissolved in at least the hydrocarbon
diluent, at least the bio oil, or both. [00291TheUl is used to refer to any biomass or hiomass derivative

that IS In l gHﬁiorm Wh ‘Igit([; qpl%nl? F)% Bhﬁltpx?ti P ‘dLrLel?iﬁ!:Q%?l J!](l)]l?- (,L(J)H];g](%] 10 \ |dS Carboxy“C
acids, plant o anlma ts aIgaI oits, distillates from fer entation o sugars and |qU|d fractions
derived frompyrslysis woety bi d)cmassmAs»fsutfhﬂdepé ndirignypoln thidosources bigzoilsiinclude
bio-derived hydracarban fiagtions.fatty acids.(6:9.Qlsisacid, paimetic asid), fafty aeid esters (e.g.
alkyl esters or Edycerides of the fatty acids), shorter carboxylic acids'(e.g. acetic acid and formic acid),
and otherf8kjgehate8stich! as hydroxky atetdlderiydelladstie Hoip! ‘aécﬁelt and phensliedsRio-oils are

often charagterized-y theiraxygansontent whersasconventional peirachemical fegdstock such as
crude oil, coal, and natural gas are hydrocarbons with typically less than 2 witotal heteroatoms, bio-oils

may cont&iFHEAEEH SBEUD L LI HRA A BIPABTH 45 B4 GER: Sinee 8k ienatiy Bmpounds

have lowerheating values tham. hydruaafbans,(ﬁ Ppumanabjective O bio ol hydrapracessing for
mimulhetére of l uc I ducts @E (1' big-ojls may also ha e less than 2 wt% total heteroatoms,

dependin 3&%%"%'%6 éé ot Bio-aii Adit ﬁ%lTV“b‘lb 8if§“ty%‘|&’ét fly'BAAHBY iget Mdny fuel
specifications»suciyasfoxidative: stahility cwaterand sedimess e appearn strip katrosiornsash, and cloud
point, unlesshhxq roce ssed. Slml|§{|¥( i0-0ils d}edved by fas rol¥sls f wood chips or switch grass

VSIS, T BrotE G O S TTASS T A f Ve TEACTeT S SEEITY
do not méet motor fhel spe&flcaﬁons un]ess hydropr cessed without roprocessmg these

bio-oils have:poor stabilitytife: g: ﬁt\kfefyubecome\moﬁe wsbou&wnh‘«tlmze)» wihictr hmhttsxgranepsrtatlon and
storage opfiane, J0RRGAThe blo- ol may.be. & hieenialning ameostion fam.a feedsiack such as

tallow, lard, poultry fat/oll, used cooking oi yeI W: grease agae 0|s camelina oll, canola oil, castor
oil, coflbc?’eﬂt’{w}‘nﬁmﬂ«ﬁ@h wikhenipraik Jatopha v paim 6llus®ybeaﬁ‘»eﬁtitaiﬁﬂ@llﬂtaﬂweik?fe;uy ac like

seaweed);Qr S,GOMRAINAHOR QF AMLIWROF .15 ramhalophiles (- 6. salk yater, plapts ore the of The

bio-oil may comprise a composition rich in oxy énated organic compounds derived from fast pyrolysis
(including"RANEIR O SR P OF BiciiasE sTHe Kbl B dfthd pyralydisidervkd bis-bir iy -be straw,

bagasse, jpubshelsrswiteh.arassi haks of sprucesRirgh:Replanand ather rees Q@ gombination of
any two or more thereof Pyrol}/ss of woody biomas:Jes processes

grass, or combinations thereof.

FOG3 1 The bro-otl can further contam from about 0.1 wppm to about 3 wt %
nitrogen. sulfur, or phosphorus: from about &1 wppm (o about 1 wit % metals (such as iron
and those from Groups T and 11 of the periodic table); and from about a 0.01 wt % percent
ter about

30wt % water and sediments/solids. In some embodiments, the plant oil or animal fat
contams nitrogen, sulfur, or phosphorus from about | wppm to about 30.000 wppm. In
some embodiments, the plant oif or animal fat contans nitrogen. sulfur, or phosphorus

from about 10 wppm to about 30,000 wppim. In some embodiments, the plant oil or

9



such as fast pyrolysis of grofluidized bed reactor s comprising circulating sandcatalyst. In such reactor
systems, the circulating solids the heat for the endothermic pyrolysis reactions. These biomass
"cracking" reactions typically occur at temperatures above 800 I' under an'me atmosphere, thus
converting lignoeellulose into various hydrocarbons and oxygenates. In some embodiments, the hio-oil
comprises a liquid fraction from the fast pyrolysis of biomass. nbodiments” the liquid fraction is

derived frorm,oraund ogd. rownd switeh s, o1, complnaons thereof, 1003 Iihe. bio-oil cancontain

from.about 0.1 wppm {0 about 3 wt nitrogen. s phosphorus: from a’bou%n?ppm to about | wt A.: metals
(such as iterpéand tHosefront Groupsitand #lefithe parivdic tabie); dndfrom ‘abditrar@loL wt 270

percent to ahout sedime goptaisyifyr, orpsonic emhodiments: the plant.imbodiments, the plant oil or at

wppm to about 30.000 wppm. in nal fat containsogetr, or phosphorus on the source of the biomil. the
solids presehtthérein dnchideligainy fenther and plagtic (es§oskredded polethipens packaging). It

should be notectthat.a, someqf these selids.may-kedissalved and/anselubilized (.9, as colloids) in
the bio-oil, and thus be difficult to remove or reclisperse by conventional filtration methods and

apparatud” 1 0082THE RSSOt TREHN BT g Wilize Ry Ry Uroeaon BiiEhe i yehérdte a mass flux of at
least aboup}Q0: Ib/hrift2 in order to convert, anchor remove, and/or redispersc the foulant. Thus the
present technology avoids shutting down the reactor, or using rupturing disks to bypass a fouled

section. In 83 , the present te Iilp_gkog Q}Qer{alt,es._uq,de{ﬁsimgar %qngit[i ns to the (hyd,roprocessing in
ordertor iﬁjc“ the press{UPéLa‘i?)p {“Jllld\l(jb““lﬁ fact. t?]é}ﬁlrgts‘élnf)?eéhLﬁgloﬁfgf%W§ or. but does not
require, hjydroprodessinbto Eontinbéintaireadtorwhite pressiire drops redirceddnithesame reactor.

In some embadiments, (g, mass. vz i frorm akout LOAG ladiritz fo.about, 10,009, Ib/hr/ft2. In some
embodiments, the mass flux is from about 1,000 Ib/hr/) about 9,000 Ib/hi/ ti2, about 1,000 Ib/h1/11.2 to

rupturing disks to bypass a fouled section. Instead, the present technology operates under
similar conditions to the hydroprocessing in order to reduce the pressure drop buifdup, In
fact, the present technology allows for, but does not require, hydroprocessing to continue
in a reactor while pressure drop 1s reduced in the same reactor. In some embodiments, the
mass flux s from about 1,000 Ih/hr/ft” to about 1 0.000 Ib/hr/f. In some embodiments,
the mass flux is from about 1,000 Ib/hr/ft” to about 9,000 Ih/hr/ft”, about 1,000 Ib/he/t o
about 8,000 Eh/’h;‘ft‘“ﬁ about 1,000 Ib/br/ft’ 1o about 7.000 Ib/hr/f°. about 1,000 /hr/it? to
about 6,000 Eb:""hs‘ft’t‘\'.‘ or about 1,000 h/hr/f 1o about 5.000 Ih/he/l. In some
embodiments, the mass flux 1§ at least about 2.000 Ib/hr/ft’. In some embodiments, the
mass flux is from about 2,000 Ib/hr/fr’ to about 10,000 Ib/hr/ft. In some embodiments,
the mass flux is from about 2,000 Ib/hr/ft” to about 2,000 b/hr/f”, about 2,000 Ib/hr/ft” to
about 8,000 ibs’hrfﬁ:‘?, about 2,000 1b/he/ft* 10 about 7,006 [h/hr/ft. about 2.000 Ih/hr/f to
about 6,000 Ih/he/fe, or about 2,000 Ivhr/ft” 1o about 5.000 Ib/he/fY. In some

embodiments, the mass flux is at least about 2,500 Ih/hr/ft

FO033] in some embodiments, the hydrocarbon diluent comprises a recycled
product of the hydroprocessing reactor. In some embodiments, the hydrocarbon diluent is
supplied at a temperature of about 400 °F to about 830 °F. The hydrocarbon diluent may
be supplied at a temperature of about 450 °F, about 500 °F, about 550 °F, about 60G °F,
about 650 “F. about 700 °F, about 750 °F, and ranges between any two of these values or
above any one of these values. In some embodiments, the hydrocarben dituent has a
botling pomnt range of about

U0 °F to about 800 °F. The botling point of the hvdrocarbon diluent may be about 350 °F,

H



about 8,000 Ib/hOff2, about1,000bout 7,000 Ibling112. about 1,000 Ib/11012 to about 6,000 Ib / hr/fl1.
or abotit 1.000 Ib/hr/about 5,000 Ibilhnlit2. In some embodiments, the mass flux is at least about 2,000
Ib/hr/ft". In some embodiments, the mass flux is from about 2,000 llighr/11.2 to about 10,000 Ib/hr/fl2.
In some embodiments, the mass flux is from about 2,000 Ib/hr/ft2 to about 2,000 Ib/habout 2,000
Ib/hr/ft2 to about 8,000 Ibilligt12, about 2.000 Iblhr/ft2 to about 7,000 Itighrlft about 2.000 Ib/hrlft2 to

about 6,000, Ipyift2. qr.abaut ZrOQQOW\{M!Pﬁ%@QQM;@P LHughiihembgdimentsy thg mass flux is at

least about 2,500 Ib/hr/112. 100.In some embodiments, the hydrocarbm-nprises a recycled product of
e hydropﬁé’@e§3|ﬁg’%§%‘t)dﬂ [NEIATE ERBOHIRREYS (‘fﬁbbhydﬁé)‘éarbb@dﬂklém isupplied at a

temperatyze, of aRaut,4001.4a;akaut 800, F-Jhehydracarmon, gw&nﬁ Anay e sypRlied at a temperature
ofabout 45 about 500 "F. about 550 "F. about 600 about 650 'F. about 700 '750between any two of

these valties Yi%abovE Ry GHE St e Valie g AT SoHE Bmbo s the-RydidearBdhcdiluent has a

boiling paint tange-ofabout 300 (11: to about 800 'F. The boiling pointhe hydrocarbon diluent may he
ah about 400about 450about 500about 550 "F, about 600 17, about 650 IIl, about 700 'F, about 750 F,

and ranggﬁ lggtween any. of thesg( lue fi ]L((\:{Letgmyé%ne of these values, In sgmﬁembodlments the

Y SOINC €1 }Li‘i H DECSS Op 15 pertqrme
hydrocarbon diluent comprises para fins in vilin SOITIE enboc |menfs the hydrocarbon

diluent compriséd i-paralté G249 ranee. 00341 Irf Some! dmisddirnents:thaircduction of pressure drop is
performed.aftar,abaut,l, 00.10 about10.000 reactor %{ QIHWQ%QWQV%P&%{P(Q%%?Q glpsome

embodiments, the reduction of pressure drop is performed after about 200 to about 9,0 about 200 to

about s. ué‘@‘“al%)l}t’z’@elt‘oxéﬁ@ut*b?‘@@@Oé@)GD‘WZOU’EB)aﬁb&‘ﬁ 600, EbBut-200 t@"&tjé’u)f’S@OO or about

200 to ahput,4:000 reaster velumes,ef biaseil have beanprosessed: in.some embedipents, the
reduction of the pressure drop is performed after about 300 to about 3,000 reactor volumes of bio-oil

have beefl PBEESERH IHEbMEEBIHRMECHE Tettchdh oPthE presaliie oy i Bdormed after the
theoreticahy@id fractiondrapsubelowr about 30vdsdmsamesenabodimentsnreduction ehthe pressure

drop is performed afﬁer the theo etical vo#d fraction dqo below
reduction of the pressure ¢ mp 1s periormed after the theoretical void fraction drops below
about 30 %. In some embodiments, reduction ol the pressure drop s performed after the
theoretical void fraction drops below
26 %, In some embodiments, the reduction of the pressure drop is performed after the
theoretical void fraction drops below about 22 %, In some embodiments, reduction of the
pressure drop is performed after the theoretical veoid fraction drops below 18 %, In some
embodiments, the reduction of the pressure drop 1s performed atter the rate of AP increase
15 about L1 psithr. In some embodiments, the reduction of the pressure drop 1s performed
atter the rate of AP increase 1s about 6.25 psi/hr. In some embodiments, the reduction of
the pressure drop is performed afier the rate of AP increase is about 0.5 psi/hr. In some
embodiments, the reduction of the pressure drop 15 performed after the rate of AP increase
15 about 0.75 psi/hr. In some embodiments, the reduction of the pressure drop is

performed after the rate of AP increase is about | pst/hr.

[0035] In some embodiments, the method produces an overall A/ decrease from
about 10% to about 99%, In some embediments, the method produces an overall AP
decrease from about 25% to asbout 99%, from about 30% to about 99%, from about 35 %
tor about 99%,, from about 40% 1o about 99%, from about 43% o sbout 99%, or from
about 50% to about 99%,. In some embodiments, the method produces an overall AP
decrease from about 209 to about 93%,, from about 20% 1o about 90%. or from about

20% 1o about 5%, or from about 20% to about 80%. In some embodiments, the method



26 "4). In some embodiments, the reductionpressure drop is pc.rlbrmcd after the theoretical void
fraction drops below about 22In some embodiments. reduction of the pressure drop is performed after
the theoreticald fraction drops below embodiments, the reduction of the pressure drop is performed
after the rate of AP increase is about 0. | psiihr. In some embodiments, the reduction of the pressure
drop is performed ofAP increase is about 0.25 psi/hr. In some embodiments, the reduction of

the presstire drop Aﬁ%&@ﬁm%@%&&g?yh%é Rsilhr: 49, sgme. empodiments, the; geduction of the pressure

drop is pert-brined after the rate of Al' increase is about 0.75 psi/hr. In some embodiments, the
reduction Ot thé presaeire drop'isiperformed after e riafe &§f AP ihdréadedrs aboutit psitl1F. 0035]In

some embggdiments .the.methad pregduces anoveralh AR, dagrease.from-apeut 1 0%, to-about 99%. In
some embodiments, the method produces an overall AP decrease from about 25% to about 99%, from

about 309416 AbotH 098 FrofR A0t 85U T R8BI B%. AHiEbout 40% to about 99%, from about
45% to about 99%, or from about 50% to about 99%. In some decrease from about 20% to about 95%.
20% to aloltor from about:20% tooemsntheimettiodipradute sramoveralh AR shoutQ0%, or from about

oo e e T B A B e e e, e ot 459

‘ _ out F; Vo to about rom about o) about%(])“\b/o. from about 45% to
about 80%¢rbirorhdisoab 80% dovabou80% Thé overalt BRrdeerease mayr bis greater any one of

these recifed yalnes for, ihe Qv @J&é{ﬁ}g%@%ﬁ@c &Q%@ﬁ&é@%@ Smbadimgnts, the tgduction of the

pressure drop is performed periodically. In some embodiments, the periodic reduction of the pressure
drop is petferiied afer asott 2days toibout enledrs&ined BithErthecstartef iydieprotessing or the

last reductionQf-presswre,diop. o sonic.ambodingntarihe periadic reduction of the pregsure drop is
performed after about 2 weeks to about 4 months since either the start of rocessmgq or the last

reduction '6FprESR e HrarSiHTEoE SrBtimenté thd perbdi Etudtion s the préddare drop is
performed aftepabeut4: months since «itherthe start ot pydroprecessmngrithelastregduction of
pressure q(o . The P_erjqdic reduction of pressure drop may occur at 2 months, at 4 months. at 6
months, é.f‘gpﬁﬁﬁfhsﬁuét*i( months, at | 2 months, or any range between any two of these values or
greater thamamyonefthess valuesinths, at 8 months. at 10 months, at 12 months, or any range

between any two of these values or greater than any one of these values.

[OG3T] In some embodiments, substantially reducing the bio-oil feed includes

supplying the hvdrocarbon diluent o the reactor at a volumetric ratio of at least 10:1 of
hvdrocarbon diluent o bio-oil. In some embodiments, substantially reducing the bio-oil
feed mcludes supplying the hydrocarbon diluent to the reactor at a volumetric ratio of at

least 15:] hydrocarbon diluent to bio-otl. In some embodiments, the step of reducing the

pressure drop does not mterrupt production of the hvdroprocessing product.

{00381 In some embodiments. the hydroprocessing reactor comprises a graded bed.
In some embodiments, the graded bed comprises high void and high macro-porosity
media. High void means at least about 50% or higher void fraction; the term “high macro-
porosity” means the media includes pore diameters greater than 100 nm. In some
embodiments, the graded bed comprises a catalvst that includes Co, Mo, Ni, Pt, Pd, Ru,
W, NiMo, NiW_ CoMo, or combinations of any two or more thereotf. In some
embodiments, the graded bed comprises a catalyst selected from the group consisting of

NiMo, CoMo, and combmations thereof.

[0039] In an aspect, a method 1s provided that inchades the step of reducing a

pressure drop across & hvdroprocessing reactor having a reactor feed, where the

12



10037.]In some embodiments, substantially reducing thel feed inc supplying the hydrocarbon diluent to
the reactor at a volumetric ratio .)I of hydrocarbon diluent to bio-oil. In sonic embodiments,
substantially reducing the feed includes supplying the hydrocarbon diluent to the reactor at a
volutnetric rat least 15:1 hydrocarbon diluent to bio-oil. In some embodiments, the step of reducing
pressure drop does not interrupt production of the hydroprocessing product. 100381In

somebodiments, the hyg r. ing.re r.comprises a graded bed. In some embodiments he
graded be@%’g’%ﬁﬁ%ﬁ){r‘%ﬁ“@%ﬁ? '?r‘?ggﬁli;g‘}ﬁﬁ gég%g%g%fﬁ i ]”rﬁgélé“%.i f—hé Cﬁglrdiﬁgébnds at least about 50%
or higher {wighfraiciomothe e Migh makvoipofodityrheansdive hiedia ncluded pore diameters
greater than 10Guum.In some-smbedimentsqthe graded: Red qemprises 2 catalyst that includes Co,
Mo, Ni, Pt. Pd, R W. NiMo, NiW, CoMo, or combinations of any two or more thereof In some
embodim&iBEEEBHipTise 8TaCataly StisedEtet fromthE Hre 0! coRsiBtig iMe. ©eMa tlir combinations
thereof. 10039 Lirkan aspect: methediis preyided thatincludes.thesien:afkeduspressure drop
across a hydroprocessing reactor having reactor feed, where the hydroprocessing reactor produces a
hydroprod8sgifid ‘i&%%ﬂ?&g‘Eﬁé‘)rg%fcrfﬁ’r‘“’f%"eﬂ*%%ﬁ’ﬁift’é??ﬁﬁ%‘?é?ﬁ?’é%‘dﬁf5@?53?‘?“%‘6'%86%‘*7‘5‘-&)% and is
produced by atleast-cambininghiesailieet.alademperatuie iofiaboutL0QHELY e abewi350 "F and a
recycled hydro rog eissip% roduct of the h _gi}rpggo CS igg reactor gt a temp yatu[iqlof about 550 "17 to
about 800 “FtthE step 6t TedutiRg Yhe prédsurt “(:Tr%b INEILEEE SUBSLHATIAN YEAUARY thebio-oil feed
supplied t&:thehreactor:aindisupplying themeeycledhydropracessitig-prad ot td-théreatior to generate
a mass fluy. of gt jeast 2boul 2,000 1bdulltz; and where the. Siep gfyreducing the pressure drop is
performed after the theorétical void fraction drops below 36 The réactor teac may bé ata temperature
from about4501}cabouit:800abobt 550 1t dabeub6002 1t rabout 650ard rangestbetweehtény two of
these values, g1, abpye-any.ane ahthesg yalugs- Fhe, bip-oil feed maybe at g empgeratire of about 120
"F, about 140 13, about 160 13, about 180"F about 200 "T, about 220 'Ft, about 24017, about 260 "17,
about 2801Prabdit 3ohe7: dBout-320 Jabolit S4urHiand rangesbebwaen ayy two of these values or
above any;gne qf these.values. The reeycled hydroprecessing Rroduct may he sypplied.at a
temperature of about 600 "F, about 650 "F, about 70013, about 750 I, and ranges between any two of

these vallEs Girakeve Qi Bre BrRE seARIES T RRWS Y potht f tH. Tecied’RYdfoprocessing
product may; b abost 350 ¢y ahout 490 dt, abouti 460, clhiyabeut 500 Jilfl aboutiRSQ, iheabout 600

"17, about 650 "F, about: 7, about 750 "F, and ranges between any of these values or above
any one ot tHésé Valliss  HOCHOLNE ittirg 1 the Ry red Myidroprbcdehd Sy Stéht With two fixed
bed 450 °F, about 500 °F, about 5548 °F, about 600 F, about 650 °F. about

T °F, about 750 °F. and ranges between any of these values or above any one of these

values,

[0040} Now. tumning to the figures, a hvdroprocessing svstem with two fixed bed
reactors, according to an embodunent of the present technology, 1s tlustrated in FIG. 1.
The hydroprocessing system has two fixed bed reactors, a first reactor 116 and a second
reactor 126, A bio-oil is sphit into a first stream 112 directed w the first reactor 116, and a

second stream 122 directed o the second reactor 126,

10041} The bio-o1l first stream 112 1 combined with a heated hvdrocarbon diluent
11O to form a first reactor feed 14, The heated hydrocarbon diluent 110 is formed from a
hydrocarbon diluent 102 and a hydrogen-rich gas 104, combined to make a hvdrogen-
contaming gas 106 prior to heating in a heater 108, The volumetric ratio of hydrocarbon
diluent 102 to the bio-oil first stream 112 is from about 0.5:1 to about 1071, about 0.5:1 1o
about &1, about §.5:1 1o about 6:1: or about 0.5:1 to about 5:1. In some embodiments, the

volumetric ratic s from about 101 to about 1001, about 1:1 to about 8§, about 1:1 to about



reactors, accordingembodimenttf the present technology, is illustrated in HG. 1. )proeessing syaxed
bed reactors, a first reactor 116 and a second reactor 126. A bio-oil is split into a first stream 112
directed to the I, and a second stream 122 directed to the second reactor 126. 100411 TheUl first
stream | 1 2 is combined with a heated hydrocarbon diluent I 1 O to form a first reactor4. The
heatedhydrocarbon diluent | hydrocarbtm diluent 102 and i hydroaen-rtch gas 104. combined to make

a hydrogenemgaining, gag, 108, paar tg,heatingsr 108 The M?'H&lﬁ%%—ﬁg}!%ﬁshﬁ{-gﬁ%é‘&%?” ithout 0.g

volumetric ratio is from about 1:1 to about: 10:1, about 1:1 to about :1bout 1to a 6:1; or about 1:1 to
about 5:1!1h éoeiembodunents, the volumetric ratio is from about 1:1 to about 3:1. 00421 The104
contains70 mot 04, to 100 mul hydrogen. in sonic e.m.hodime.nts, the hydrogen-rich gas contains

about 75 rnok% to about:98.mok94- hydragend The:hydracarbondituent 102, the hydragen-rich gas
104, the Imdir_ogsen-qontaining.h%qs 106, the heated h o\jr}ocarbon dilugnt 110, the bio-oll first stream
i 41t

112, and 0P fell T 1A SPE ol PraddUaT i the TangbBrabott 500Bsig ¥ Aol 4,000 pstg.

en |
reactor te
The heate 108 may e asinghe shélbanttubeuaeat Exchangén @noarmbinatienshef exchangers in

series, in Pﬁ@!z%'fg-‘Qf)r?tﬁ?mm‘iy@ t?&()hﬁ}atgg‘glsqwg 10%5%?)‘%(6 1 fli;(;e‘n ni] §@.'9€cﬂ%t‘ le!iql.xirt%lglh pressure steam)

. TCAai .
or another proc¢ess stream stich as ‘effluent from one o xed bed reactors. The heater 108 is

operated suchtidabthe hested hiyddocarborudiluesmrtd 0 igirrthecrange of ditiout #60:t1xd to about

100431 The fifstdeactqr 318 andseeond teqcler 428 arg joaded.with sypporied catalysts licluding
those having a catalytic metal selectéd from Group V 1 Groups 8-10) and Group V 3 (111PAC Group

6) elemertd AlBHE B i EHMWE DI MBTesthersstinl sonie Embddihveis theccatalystintiudes Co, Mo.

W. Nikki, MW, GoMa,Qr£omhing »more. thereafin.seme srmbadiments. (e catalvst sglggted from the
group consloMo. combinations thereof Hydroprocessing catalyst supports are typically aluminum

oxide, or EBiHirstionE!SrAItHikm Rk With Bhosproii!sxide Bndsificais bhideoswiken a sulfided
catalyst sugh-as INiM9:gricoMods tged.while the biewRikas the hydrocarbon diluent have essentially no
organo-sul fur compounds therein, a sulfiding agent (compounds that thermally and/or catalytically

decom po%&?@ﬁto HS a?QLW%Q[ 9&18&%;0? 1 J?p:ﬂ}{? Q?EJ'{ n I(pggg {%g%gfutgrtahl%cg{a_iov!«l i zr!'s:%?)%ﬁricé

catalysts including those having a catalytic metal selected from Group VI (JUPAC
Groups 8-10) and Group VIB (IUPAC Group 6) elements, alone or in combinations of any
two or more thereof. In some embodiments, the catalvst inchudes Co, Mo, N1 Pt Pd. Ru.
W. NiMo, Niw, CoMo. or combinations of any two or more thereof. In some
cmbodiments, the catalyst selected from the group consisting of NiMo, CoMo, and
combinations thereof. Hydroprocessing catalvst supports are typically aluminum oxide, or
combinations of alununum oxide with phosphorus oxide and silicon oxide. When a
sulfided catalyst such as NiMo or CoMo is used while the bio-oil or the hydrocarbon
diluent have essentially no organo-sulfur compounds therein, a sulfiding agent
{compounds that thermally and/or catalytically decomposes into H-S and hydrocarbonsy is

aptionally imtroduced to the bio-otl or hydrocarbon dituent,

[0044] The reactors 116 and 126 may be graded with inert and low activity high
void media. For the illustrative example of a 30 i bed. a grading scheme (from top to
bottom) comprises a 9 to 12 inch laver of 16 mm wagon-wheel high void inert media. a 12
to 1% inch laver of 8 mm NiMo active rings. 2 12 to 18 inch layer of 4.8 mn NiMo active
rings, and a 25 to 27 ft layer of conventional three-lobe or four-lobe NiMo or CoMa

catalyst in the 1.3 to 2.5 mm size range. The high void inert media and active rings are



10044ctors 116 and 126 may 1)ed with incrt and low activity high younple of a 30a grading scheme
(from top to bottomton-wheel high void inert media, a | 8 mm NiMo active rintis, a 12 to 18 inch layer of
4.8 mm NiMo active  and a 25 to 27 ft layer of conventicnal three-lobe or four-lobe NiMo or CoMo
catalyst in the 1.3 to 2.5 mm site range. The high void inert media and active rings are sold by Haldor
-lopsoe and Criterion under the names "IK-10, 1K 30 and SENTRY r " OptiTrap series of products. In

some emPP%‘W&EE%%%QE‘a?o%tﬁ’;'ﬁ%_r ity of beds with gpuench for limiting ﬁgﬂ% I%t('j‘% (gmperature rise
from exothermic . ydrogenation reactions In some embodiments. the graded bed comprises a catalys
includes CotbMptNidIRgel RucIWONIMO N @oMororcoomb mofetheredidnrsome embodiments, the

graded bed comprises a-Latalysts e aroupaorsisting of NiVe. LoMe,and combinafions thereof
1004510rs’| 16 and 126 are operated at pressures In tlic range of about 500 psig to about 4,000 pstg.

In some efibistiintenty veactdird e 16! alid 126 ard Spdratéa at predunresin thenrahigef about 700 psig

to about 2,300:RiRG,The Jaactors AIeeperated atitamperatres dn e range. of ahgus,400 "F to about
800 'F. The ratio of the hydrogen-rich gas 104 to the bio-oils 112 and 122 is from about 2,000 SCE/Bbl

to about TO°GHO"EETTBHMFRE VMG Jf D&l YoliATEHC 16N rate to volume of active catalyst is
from 0.2 to 10 hr'L and may be from 0.5 to 5 hr-1. 100461ydroprocessubstantially converted to a
hydrocarljot¥iptoduct whichdanms the ligdiid phaseproduictiii8sthe twe phasecproduct 11 8 is
combinedﬁ ;t ‘_m(-; b,'g-giil 4'3385’@3' ;trpqm r(_-;qctpr geeq .,24.,__T\pe.(v1qume,trig(rat_ip of the Wdrocarbon
phase ofdéﬁ\l(jclgstl’sfe%‘lgo?oi second Stream 122 is similar to the ratio of ]Wrb}cé}r on diluent 102 to stream
112: that iscfrormsaboir 0/8:4 cbadbout ADptiaboutabouttt psig. The reactors are operated at

temperatures in the range of about 400 °F to about 800 "F. The ratio of the hvdrogen-rich

gas 104 to the bio-otls 112 and 122 is from about 2,000 SCF/Bb! to about 10,000 SCF/Bbi.

The ratio of bio-01l 112 volumetric flow rate 1o volume of active catalystis from 0.2 to 10

hr'' and may be from 0.5 t0 5 b’

[0046] The hydroprocessed bio-oil from reactor 116 15 substantially converted to a
hydrocarbon produet which forms the liquid phase of a two-phase product 118 The two-
phase product 11% 15 combined with the bio-oil second stream 122 to form a second
reactor feed 124, The volumetrie ratio of the hydrocarbon phase of the two-phase product
118 1o the bio-oil second stream 122 is similar to the ratio of hvdrocarbon dituent 102 to
the bio-otl first stream 112; that s, from about (0.5:1 10 ahout 10:1. about (.5:1 1o about
8.1, about 0.5:1 to about 6:1; or about 0.5:1 to about 5:1. from about 111 to about 141,
about 1:1 to about 8:1, about 1:1 to about 6:1; or about 111 to about 3:1. In some
embodiments, the volumetric ratio s from sbout |11 to about 3:1. The second reactor 126
operates under the same operating range as first reactor 116, Due to the additional liquid
flow from introduction of the bio-o1l second stream 122, second reactor 126 may be larger

than first reactor 116,

[0047] ‘the hydroprocessed bio-oil from reactor 126 1s substantially converted to g
hydrocarbon product which forms the hquid phase of a two-phase product 128, The two-
phase product 128 is separated mto the hydrocarbon product and a gas fraction in a
separation unit downstream (not shown). The gas. mamly unreacted Hs, is eated (e.g.

through water wash/separation in a cold separator drum and/or scrubber} to remove

components such as water, carbon oxides, ammonia, and hydrogen sulfide, formed during



15:1 to about 6:1; or about 0.5:1 to about 5:1, from about I:1 to about about 1:1 to aboutabout 1:1 to
about 6:1; or about 1:1 to about 5:1. in some embodiments, the volumetric ratio is from about 1: | to
about 3:I. The second reactor | 26 operates under the same operating range as first reactor li 6. Due to
the additional liquid flow from introduction of the bio-oil secstream 122. second reactor 126 may be
larger than first reactor 116. 10047 1hvdroproces26 is substantially converted to a hydrocarbon product
which forfis the fguid pASR.of 2. gsphase produgt A28 Te tweshase raduct 126 fs separated into
th.e hdrocarhon. product and a gas fraction in a separation unit downstream ot shown). The gas,
mainly unfeaetedoftfightreatedhialrgethrovghavatéronasshiseparationin endoldiseparator drum and/or
scrubber) 0,femAve COMPONEDtS, SUGRas waler, carhon oxides, ammonia, and hydrogen sulfide,
formed during HD, FIDN. and HDS reactions.The treated gas is then combined with makeup Hs (not
shown) to gpr%dﬂuce the hydrogcnrich gas 104 composition. In some embodiments, hydrogen-rich gas
104is not \Combined with fe&yE tHEAT GA&  HOBHS TFHE AirSLRIBSHIMGT A BS directed to product
fra.ction.auemdewnstreamhte fudtberdiyciippracessing.{esgkibydroekackingiisomerizamaon], or both
provide the desired hydrocarhon biofuel. products, such as renewable diesel, gasoline. Alternatively,
the hyarobiibin o EE g B Bty BOy I A8 SR dRoanis 02 di e of
hydroprogessigethé ipressuréactoss teactdmhsbatacsitions:fpam Aly essehtially:linear increase to an
exponenti@(mﬁ[ﬁ%g.d_.m%p%%.for this transitiur may range from a mnit 2 days to about llay be after
about: 100°to about 1 0,000 reactor volumes of bio-oil has been processed. his can also be
determined by the rate of the pressure drop buildup. At this point, the flow of bio-oil 112 is discontinued
or substaftiiiif reduced White2mairtaln g HyHHICArpERTGSHE ol 102 ardhyaregen fow 104 at
aforementioned-gondiions.When the.bia-ail- flaw to the-rgastarndi1fdesubstantially reduced, the
volumetric ratio of the hydrocarbon diluent 102 to the n1112 may be greater than 10:1 and may be

greater th&H' 15 PHETENIEErAIRS BrhaNahredhy brd8arbon ditight 11698 RiaiHtamad rom about
400 I' to ahpubh800UF; hydnocarbon diluentforale:is meodifiedascieaessany tosemsure at least 1,000
Ib/hr/ft2 mass flux thro %h the_re?ctor 116. At these hydrothermal treating co q)iti_on ,.the pressure

deferimed )fl.% > rate of the prtcssur‘ drogeowldup. /%1 ihls b pint i%ﬁr}%w of bro-ol 47
drop across reactor decreases at a rate of from about 1 psi/hr inthe béginning of tHe hydrothcnnal
treatingmitol about:01dd psithbiateriisthelcyeley bihdrachieving dyéralhABdéareas® frorabout 0% to

0 ) NP L : . .
about 99%, Jy{lhout wishing 1o be bound by,anv lneery, t s elisyad dhat the surprising decrease in
pressure dropis due to dispersion of friable bio-based solid deposits within the fixed bed reactor
promoted!By theufubuilient fiovvckhot hycdrocarbon dilverithntygotertialtieralidécomposition of the
deposits iere; [005Q10nce thes.sHbstantially below.Q.1 psiLly q'&tﬁt%é’%xﬁ’;ﬁgb‘?ﬁ.ﬁB&%ﬁz‘%&Q cons)-oil
112 to reactor 116 is ré- established. At this point the flow of ).27 to reactor 126 may be stopped or

heated hydrocarbon diluent 110 1s maintained from about 400 °F to about 800 °F. The

hydrocarbon diluent flow rate is modified as necessary to ensure at least 1.000 [b/he/ft”

mass flux through the reactor 116, At these hydrothermal treating conditions, the pressure

drop across reactor 116 decreases at a rate of from about T psi/hr in the beginning of the

hydrothermal treating cycle down to about 0.1 psishr later in the cyele. and achieving an

overatl A/ decrease from about 10% to about 99%, Without wishing to be bound by any

theory. 1t 15 believed that the surprising decrease in pressure drop is due o dispersion of

friable bio-based solid deposits within the fixed bed reactor promoted by the turbulent

flow ol hot hydrocarbon diluent and potential thermal decomposition of the deposits

therem.

[04567 Once the rate of AP decrease drops substantially below 0.1 psi/hr. or as
dictated by other operating considerations, the flow of bio-0il 112 to reactor 116 is re-
established. At this point the flow of bio-otl 122 fo reactor 126 may be stopped or

substantially reduced, thus allowing the second reactor to undergo the hydrothermal



substantially reduced, thus allowing the second reactor to undergo the hydrothermal treating cycle.
Here the hydrocarbon diluent utilized in the hydrothertnal treatment is the hydrocarbon phase of the
two-phase product 118. When the bio-oil flow to reactor 126 substantially reduced, the ratio of the
hydrocarbon diluent in the two-phase product I | 8 to the bio-oil 122 is greaterl10: I, in son-le
embodiments, the ratio is greater than 15:1. The adiabatic temperature se due to the hydroprocessing

reactions withip [6AGtqr116.ensures. ihat e Lempsrale of e twe-phaseprodyct 148 is in the range
of about 400 IT to about 800Similarly, the flow rate of bio-oil 112 and the hydrocarbon diluent 120 are

such that Higss bR tRfeayAirdadtor- 226 isgreatel thanvhoob b afer ARCHAS dedteased in the

second reagtor 126, the flaw of.big:oll sgeond stream, 12240 §@§Qn%.e@g£sz{ +46.is reestablished.
Cpl.]One of the attractive features of the above-described example is that bio-ot throughput and fuel

productioR arénot sabstartiafy hterlipted Yiring thel AR tedticing 6 peratior. Hsweveér, it will be
recognizethbytheseoterdinany.skill inithe art thatthe Qperation thataveids Leactor shutdown and
catalyst skimming or replacement will be of interest even if bio-oil flow is interrupted for a 24-72 hour

time period WHENSVSP rALBRST PrESSHFBdrSD HIAHP IS HEAAS & eXplonahitian) o dhprdaches design
limits. Moreower; fhe tienefits derived thysthe processas andimabove-desetibed examplecan be realized

ot any time cyipg e Sador i sven whervieachingys of i eactor o rognantal AP ise are

not imminent. enewable diese .-réprocc.ssing redctor system similar to. thi
describediinthecgmbiddimentdofckitn:d Wastlopdrated with & bioxoil feedstotk icomprig§ing mainly of
inedible t@(@l&\%apﬂ%glﬂ)&v‘yﬁ{ﬁ%%%. The reactor system's two reactors each included a top bed and a
bottom bed with inter-bed as quench.-arbon di luent fhr the reactor system was the recvcled

hydrocarbon product fraction 10054 A fler abots of bio-- vas process _ o
[D05T] One of the attractive features of the above-described example is that bio-oit

throughput and fuel production are not substantially interrupted during the AP reducing
operation. However, it will be recognized by those of ordinary skill in the art that the
operation that avoids reactor shutdown and catalyst skimming or replacement will be of
interest even if bio-oil flow 1s interrupted for a 24-72 hour time period whenever reactor
pressure drop starts to increase exponentially or approaches design limits. Moreover, the
benefits derived by the processes and above-deseribed example can be realized at any time
durmg the reactor run, even when reaching the design limits of the reactor or exponential

AP rise are not ymminent.

10052 The present technology, thus generally deseribed, will be understood more
readily by reference to the following examples, which are provided by way of itlustration

and are not intended to be limiting of the present technology.
EXAMPLES

[0053] A renewable diesel hydroprocessing reactor system snnilar to that
described m the embodiment of FIG. | was operated with a bio-oil feedstock comprising
mainly of inedible tallow and vellow grease. The reactor system’s two reactors each
inciuded a top bed and a bottom bed with inter-bed gas quench. The hvdrocarbon diluent

for the reactor system was the reeveled hvdrocarbon product fraction.

0054 Atfter about 1,000 reactor volumes of bio-oi was processed through the

reactor system. the pressure drop across the top bed of the first reactor transitioned from
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across the top bed of the first reactor decreased as shown by curve | of FIG. 2. The overall pressure
drop decrease was from an initial ziP if 46 psi to a final "iii) of 26 psi to 43% reduction in the pressure
drop. 100551Later in the run, the bio-oil feed to the second reactor was stopped in order to
hydrotherinally treat the second reactor and reduce the pressure drop across its top bed. The second
reactor inlet temperature was about 670 '1', with a total hydrocarbon liquid mass flux 42,600 Ib/hr/did.
The pressuyre drop. across the top bed of the second reactor decreased as.shown by, curve 2 of FIG. 2.
T overal E e IR, ST BB AR MM o provide
ATi reductbdifitieqpressiire dropcéwWhilercertainiambodimentBeiavedbeenrillobtrated and described,, itd
be undersioqd that.changes and mogifications can e, made therginiin agcordance with ordinary skill in
the art without departin.g from the technology in its broader aspects as defined in the following claims.
[00571 The Bibos WP Rsie PR TH the sbsercesiyeldmentorelementst imita dlsclosed herein.
Thus, for gxample. thedarmsRr:siniz: l»%kct-‘;ﬂémllzl?@;‘1@%?‘9}95_[3@@%@{‘%!%13&5!%WBWBPEH;MQHW Additionally
expressions employed herein have been used as terms of description and not and there is no intention
in the usePHTStiEh terms ad exptéssigns ofekeiuding any equivalents of the features shown and
described or portions thereof, but it is recognized that various modifications are possible within the
scope of fhelaimed techaclogy: Additionallyi! theplorase sangistingcsentiallyetwill beiunderstood to

include those ele ents”s ecifi(iallg recited aind th(?s_e, add-news that ?O not mate_riall)y af{ect the basic
Im 1Y Aro pcm ] ti‘fe%ﬁ Hhe seCcond icaqn‘)i' ﬁ]‘}. reduce the Pressu}w ( mP JEross s L(,)l}e hed,
and novel characteristics of the claimed techtphrase “consisting of" excludes any element not

specified.Tht disclosure is ndthechmitediin term$oft théddartietiartindhisapphicatidn;Many modifications
and Varia“%@? £D (ﬂ%.ﬁoo th/hr/f*. The pressure drop across the top bed of the second reactor

decreased as shown by curve 2 ot FIG. 2. The overall pressure drop decrease was from an

initial AP of

32 psito a final AP of 19 psi to provide a 41% reduction in the pressure drop.

[0056] While certain embodiments have been illustrated and described, it should
be understood that changes and modifications can be made therein in accordance with
ordinary skill m the art without departing from the technology in its broader aspects as

defined m the followmng clauns,

[0057] The embodiments. tHustratively described heremn may suitably be practiced
in the absence of any element or elements, limitation or hmitations, not specifically
disclosed herem. Thus, for example. the terms “comprising,” “including,” “containing,”
ete. shall be read expansively and without limitation.  Additionally, the terms and
expressions emploved herein have been used as terms of description and not of limitation,
and there 15 no intention in the use of such terms and expressions of excluding any
equivalents of the features shown and described or portions thereof, but it is recognized
that various modifications are possible within the scope of the claimed technology.
Additionally, the phrase “consisting essentially of ™ will be understood to mnclude those
clements specifically recited and those additional elements that do not materially affect the
basic and novel charactenisties of the claimed technology. The phrase “consisting of”

excludes any element not specified.

[0058] The present disclosure is not to be limmited in terms of the particular

embodiments described i this application. Many modifications and variations can be
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made without departing from its spirit and scope, as will be apparent to those skilled in the art.
Functionally equivalent methods and compositions within the scope of the disclosure, in addition to
those enumerated herein will be apparent to those skilled in the art from the foregoing descriptions.
Such modifications and variations are intended to fall within the scope of the appended claims. The
present disclosure is to be limited only by the terms of the appended claims, along with the full scope
of equivalents {0, which.such, claims, are,entitied. It is to be understood that this disdosyre is not limited
to particular methods, ré’ageﬁts, comp&‘unds compaositions or bf(ﬁoglca systems, which can of course
vary. It isalsd todveudderstoodthatdthedenminologysused hetsintis forthepuirpdsel ofidescribing
particular, embadiments,anly, and.isnotintended o,be Jimiting, [0029{lip ﬁ@!ﬂ'&“ﬁ@ (WNGIES or aspects of
the disclosure are described in tenns of Markush groups those skilled in the art wﬂ_l recognize that the
disclosur& s slse thereby describddindiénte os Rrindividialsmembertr sabgtotiphof hembers of the
Markush group, 1RREQLARwillbg Hnderstod Dy enecskilled inthe art. for,any,and all purposes

particularly in tenns of providing a written description, all ranges disclosed heérein als encompass any
and all pASHIB-EaEFArGBS - aHT e SHBIRStEHS SeUb e ed aheract A fisted tng@ean be easily
recognized:agsufficiently deserbingandienahling.the same fangeheing hrekenidawn into at least
equal halves, thirds, %garlgirs. fifths, tenths, etc. As a non-limitinq example, each range discussed

herein cali 58 Taehy TSRS TORR B L TOWEP SHird Tidtde thitamait Gpperiird etd! As will also be
understoeddy onesskiledodhe-arbatblanguiage suchasiiup toyha'gieater dhasdriless than,” and the

like, include thq number.recited and rqfer to ran es Whié:h can. be subsequently broken down into
. parcular emnodiments mf Y, and 15 ln tmiended 1o be bimnng, ©. . .
subranis ‘discussed above. Finally; as will be understood by one skilled in the art, a range includes

each individual member. | 00bl 1All publications, patent applications, issued patents, and other
documenlté’féferred tolin#ls spetification Hes tierginciacorperdteth byeferbriestas ieach individual

publicatiop. palent aRplicatian.issuedspatent, orother dactiment was spegifically.andindividually
indicated to be incorporated by reference in its entirety. Definitions that are contained in text

incorpordtd-By eterbntd dfeake iudednd tHE Extsmthat the e Rrd i dERi RS in this disclosure.
[006710therermadipentseh in the following claims. IS CLAIMED IS: A rnc.thoct comprising reducing
a pressure drop across a hydroprocessing rea.ctor havi.ng a reactor feed an.d prod.ucmg a.

nydroprofgRsing Produdt iPeleing.eARh I (eat RAMIPILS & Dio-oil faed and @ ydrocarbon diuent
a.nd reducing the pressure drop comprises’stopping or substantially re ucmg't‘hé Bio-=oil feed supplied

particularly m terms of providing a written description, all ranges disclosed herein also
encompass any and all possible subranges and combinations of subranges thereof. Any
listed range can be casily recognized as sufficiently deseribing and enabling the same
range being broken down into at least equal halves, thirds, quarters, fifths, tenths, ere. As
a non-linnting example, each range discussed herein can be readily broken down into a
lower third, middle third and upper third, ere. As will also be understood by one skilled in
the art all language such as “up wo,” “at least,” “greater than,” “less than.” and the like.
include the number recited and refer to ranges which can be subsequently broken down

a range includes each mdividual member.

(0061 ] All publications, patent applications, issued patents, and other documents
referred to in this specification are herein incorporated by reference as if cach individual
publication. patent application, issued patent. or other document was specifically and

mdividually indicated to be incorporated by reference in its entirety. Definitions that are
contained in text incorporated by reference are excluded to the extent that thev contradict

definitions in this disclosure.



to the hyclroprocessing reactor; and supplying the hydrocarbon diluent to the reactor t a mass flux of at
least about 1,000 Ib/hrid method of claim I. whc cmn thes flux is from about 1,000 Ib/hr/ft to about
10,000 Ib/hrift2, 3, ilhe method of clamnein the mass flux is at least about2,000 Ibhr/ 4. 'lihc method of
claim I, wherein the hydrocarbon diluent comprises the hydroprocessing product of the
hydroprocessing reactor. 5. The method of elm r I. wherein the bio | feed pplied to the hydroprocessmg
reactor is stantially ﬂuce&% 1e rethat ) of claim I wherein the reduction of the pressure drop
is 100 to %‘% g)lumes (?13 i0-0i ?}ﬁél\%f}eéﬁ“p&r{éé&e}éea tb] Gwdnﬁf% faim’ 1, wherein the reduction of
the pressure drop is perfbi the rate of pressure drop increase is about 0.1 psi/hr. lethotrhea, the 'duetf
the pressureed per ocl ica 1 Q. The method ofwhet.ein tht periodic reduct performed after about 2
days to about 1 2 months since e hydroprocessing or the last redttction ot pressure drop. The method
of claim I, wherein substantially reducing the bio-oil feed comprises supplying the hydrocarbon diluent
to the hydroprocessing reactor at a volumetric ratio of at least | (TI of hydrocarbon diluent to bio-oil.

The method of claim |, wheg the bio-c
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supplying the hydrocarbon diluentaydroprocessing reactor at a vo ratio of at least 15:1
hydrocarbonbio-oil. 12. The method of claierehydrocarbon diluent is supplied at temperature of about
400 U} to aboti The method of clai ni 1, wherein the hydrocarhon diluent has a boil-it rang of about 300
“IF to about 65011F. 14. The method of claim I, wherein the step of reducing the pressure drop does
not interrupt production of the hydroprocessing product. The method of claim 1 wherein the bio-olil
comprises a lipid a carboxylic acid, a plant oil, animal fat, algal oil, distillate from the fermentation of
sugars. oMaHigdid Srativhvteidvéd from the fast pyrolysis of biomass. e method ofherein the planor
N.mmn sulfur, or phuspliortisto about 30,000 wpm. | 7 The method of claim 1, wherein the hiooi |
comprise?fr@\ t[i;%rghfggm % ﬁ}’{?;l ysis, of biomass. _UJ;8[{_IhJehoIJgrr%uy d swi_j[gh‘iqryangq, 'I'"Q}eglclglmi 20 The
method of claif POrosi y; ) édua.‘“?{ﬁé‘ﬁé‘?ﬁ‘ %Héx-h%m Qrop 2Cros8Ta DVAreprocessiig reactor saving

a reactor feed and producing a hvdroprocessing product, wherein:

the reactor feed comprises a bio-o1k feed and a hvdrocarbon diluent; and
reducing the pressure drop comprises
stopping or substantially reducing the bio-oil feed supplied
to the hydroprocessing reactor; and
supplying the hydrocarbon diluent to the reactor to generate

a mass flux of at least about 1,000 Ih/he/fi™

2. The method of claim 1, wherein the mass flux is from about 1,000 1b/hr/ft” 1o about
10,000 /hr/f.
3. The method of claim , wherein the mass fTux is at [east about 2,000 Th/hr/(i*.

4. The method of claim |, wherein the hydrocarbon diluent comprises the

hydroprocessing product of the hydroprocessing reactor.

Lh

The method of clamm {, wherein the bio-oil feed supplied to the hydroprocessing

reactor 1§ substantially reduced.

6. The method of claim 1, wheremn the reduction of the pressure drop is performed after

100 to 10,000 reactor volumes of bio-oil have been processed.

7. The methoed of clamm 1. wherein the reduction of the pressure drop is performed after

the rate of pressure drop increase 18 about 0.1 psi/hr.

8. The method of clanm 1, wherem the reduction of the pressure drop is performed

periodically.

¢. The methed of claim 8, wherem the periodic reduction of the pressure drop s
performed after about 2 davs to about 12 months since either the start of

hydroprocessing or the last reduction of pressure drop.

]



i;ttions thereof ompnses a catalyst comprisim 77. The method of claim 1 wherein the reactor feed
further comprises hydrogen gas. me.thod c.omprtsing reducing a pre.ssure drop across a.
hydroproc.essing re. 'to having a reactor iced, wherein: the hydroprocessing reactor produces a
hydroproceproduct: the reactor feed is at a temperature from about 550to about 750 "F and is
produced by at least combining bio-oil feed at a temperature of bout 100 CI: to about 350 a recycled

hydroprocggsing Rragust LI vdipRigcessing teastonala temperalyre of aboyt 550 LT to about 00
reducing the pressure rop comprises substantially re u0|ng°the b oil feed suppfied to the reactor; and
supplying the hydrocarbon diluent to the hydroprocessing reactor at a volumetric

ratio of at least 1301 of hydrocarbon diluent to bio-oil

L The method of claim [, wherem substantially reducing the bio-oil feed comprises
supplying the hydrocarbon diluent fo the hvdroprocessing reactor at a volumetric

ratio of at least 15:1 hydrocarbon diluent to bio-oil.

2. The method of claim 1, wheremn the hydrocarbon diluent 1s supplied at a temperature

of about 400 “F 10 about 800 °F.

[3. The method of claim 1, wherein the hydrocarbon diluent has a boitling point range of

about 300 °F to about 630 °F,

14. The method of clamm |, wherein the step of reducing the pressure drop does not

interrupt production of the hydroprocessing product.

15, The methed of claim |, wherein the bio-o1l comprises a lipid, a carboxvlic acid, a
plant otl, antmal fat, algal 0il, a distillate from the fermentation of sugars, or a

frquid fraction derived from the fast pyrolysis of biomass.

16, The method of claim 15, whercin the plant oil, animal fat, or both, contains nitrogen,

sulfur, or phosphorus from about 0.1 wppm to about 30,000 wppm.

17. The method of claun |, wherein the bic-oil comprises a hquid fraction from the fast

pyrolysis of biomass.

18, The method of claim 17, wherem the liquid fraction 1s derived from ground wood,

ground switch grass, or combinations thereof,
19, The method of claim |, wherein the hydroprocessmg reactor comprises a graded bed.

20, The method of claim 19, wherem the graded bed comprises high void and high macro-

porosity media.

21, The method of claim 20, wheremn the graded bed comprises a catalvst comprising Co,

Ma, Ni, PP, Ba, W, NiMo, NiW, or CoMo,

i



supplying the recycled hydroproeessing product reactor to generate a mass flux of at least about 2 Of
Iblhr.112, reducing, the pressure drop is performed after the theoreticaln drops below 26 %.

22, The methed of clamm 1. wherein the reactor feed further comprises hydrogen gas.

23. The method of claim 1. wheremn the hvdroprocessing reactor performs at least some

hvdrodeoxygenation.

24, A method comprising reducing a pressure drop across a hydroprocessing reactor
having a reactor feed, wheremn:
the hydroprocessing reactor produces a hydroprocessing product;
the reactor feed is at a temperature from about 350 °F to about 750 °F and
1s produced by at feast combinimg
a4 bio-onl feed at a temperature of about 100 °F to about 350
2 E_.
a recycied hydroprocessing product ot the hydroprocessing
reactor at a temperature of about 550 °F to about 800
1
reducing the pressure drop comprises
substantialty reducing the bio-oil feed supplied to the
reactor; and
supplyving the recyeled hvdroprocessing product (o the
reactor (o gencrate a mass flux of at least about 2,000
ih/hr/ 1 :
reducing the pressure drop is performed after the theoretical void fraction

drops below 26 %.
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